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international Database PLANETARY DATA SYSTEM (NASA) and can be accessible via  
http://www.psi.edu/pds/archive/comets.html (Kiselev N., Velichko S.).  
Physical properties of Transneptunian objects  
The recent discovery of Trans-Neptunian objects, called also Kuiper belt objects 
(KBOs), has opened new horizons in the Solar system study. An entirely new population 
of planetary bodies has been found, which should contain the most primordial material 
from the formation of the Solar system. The Kuiper belt objects may be observed only at a 
very limited phase angle range (usually less than 2°) where the opposition effect plays a 
dominant role. We made first estimations of the opposition effect amplitude and width 
based on observations of two KBOs (15789 1993 SC, 20000 Varuna) and one Centaur 
(10370 Hylonome). They gave first evidence on the existence of a very narrow opposition 
surge starting at phase angles below 0.1° – 0.2°. Further observations of Varuna 
confirmed the pronounced opposition surge at phase angles less than 0.1° with amplitude 
of 0.2 mag relatively to the extrapolation of the linear part of magnitude phase 
dependence to zero phase angle. The obtained data give a first look into the microscopic 
properties of the surface layers of TNOs and suggest different surface properties as 
compared to less distant small Solar system objects (Belskaya I. N.).  
 
 
4.3. Martian UV Clouds Observed by Hubble Space Telescope in Polarized 
Light in 2003 
Yu. Shkuratov and V. Kaydash 
The Hubble Space Telescope (HST) carried out extensive observations of Mars 
that, for the first time, included polarimetric observations during the close approach to the 
Earth in August and September 2003. Our Institute was responsible for data processing 
and analyzing of polarimetric images.  
The observations took advantage of the closest Earth-Mars encounter in nearly 
60,000 years as Mars passed within 0.372 AU of Earth. The angular diameter of the 
apparent Martian disk was 25.1 arc seconds. Five series of images of Mars at phase 
angles about 6, 8, 10, 13, and 16° were taken with polarization filters. Each series 
consisting of 4 sets of images taken with different wide spectral bands centered at 250, 
330, 435, and 814 nm. Each set contains 3 images taken with 3 linear polarization filters, 
each offset by 60°, allowing complete information of the linear polarization. The 
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observation moments were chosen so that the same hemisphere of Mars, containing 
Valles Marineris and contrasting albedo details of Terra Meridiani and surroundings, faced 
Earth (the disk center is approximately 19°S, 30°E). The High-Resolution Channel of the 
Advanced Camera for Surveys took the images, having a resolution of 7 km/pixel near the 
sub-Earth point. This is the highest spatial resolution observations of Mars ever made from 
the Earth. The Martian atmosphere was relatively free of both dust and water ice clouds 
during this perihelion observation period. Southern Mars summer occurred at this time.  
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Linear polarization of scattered light can be described by two parameters, for 
example, the polarization degree P and the polarization plane position angle φ, or 
normalized Stokes parameters Q/I = P cos2φ and U/I = P sin2φ. Figure 20 presents initial 
images (left side) and corresponding distributions of polarization degree P (right side) 
acquired at wavelength 330 nm and the phase angles near 6, 8, 10, and 13°. 
Coronographic (dark) spots in the field of view obscured a small portion of the disk. All 
brightness images reveal small surface contrasts and the high-contrast polar areas.  
The Martian surface and atmosphere both contribute to the polarization of scattered 
solar radiation. The surface scatterers are soil particles of different sizes and shapes. The 
atmospheric scatterers include molecules and sub-micron dust haze particles of the clean 
atmosphere, faint high altitude mists made of very small aerosols, clouds consisting of dry-
ice crystals, and clouds composed of comparatively large dust particles associated with 
local dust storms.  
The South-polar region (bottom) is clearly visible showing gradual decreasing in 
size with the phase-angle increase during almost a month. The North-polar region is 
hidden with clouds. Globally, polarization degree of Mars in our observations is ~1% (on 
average the polarization is negative). Minimal values of P are observed for the south-polar 
cap and some clouds (< 0.1%). In particularly, the clouds over the North-polar regions 
have relatively low polarization. The dust storm feature that is observed in the left portion 
of the disk has polarization lower than that of the surface. This is seen especially at phase 
angles 13°.  
 We revealed a new phenomenon, clouds that are only visible in the UV with 
polarized light. This new type of clouds with P as high as 2% are located in the left part of 
the disk in the images acquired at 8 and 10° (see arrows). The clouds are located at the 
edge of a dust storm. They also are seen in other UV filters, but the contrast of the clouds 
is highest at λ = 330 nm. We suggest that this could be a zone of ice condensation on 
small dust grains. Being almost invisible at the moment corresponding to α = 6°, the cloud 
appeared in a few days and shifted to the south limb during a week and then disappeared. 
The most interesting feature of such clouds is that they are almost transparent. The 
surface albedo pattern remains visible through them with almost no attenuation even in 
the UV spectral band. Thus, they are recorded by their polarization only.  
Thus, the HST observations that were designed to obtain maps of surface 
scattering properties have led to the discovery of a new type of clouds, the UV polarimetric 
clouds that are transparent and can be revealed only with polarimetric measurements. 
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Further analyses of these results promise a new insight into microphysics of aerosols with 
possible wide implications to global climate models of Mars.  
 
 
4.4. Jupiter’s Atmosphere 
O. S. Shalygina, V. V. Korokhin, E. V. Shalygin, G. P. Marchenko, Yu. I. Velikodsky, 
L. V. Starukhina, O. M. Starodubtseva, and L. A. Akimov  
 As is known, ground-based and cosmic polarimetric observations of Jupiter in the 
visual spectrum range show increasing of linear polarization with latitude (even at zero 
orbital phase angle). Polarization degree increases from zero (equatorial regions) up to 7-
8% (polar regions). Also it is known, that there is a north-south asymmetry of linear 
polarization at Jupiter [e.g. Gehrels et al., Astron. J. 1969. 74, 190].  
 To explain these observational facts, we started regular polarimetric observations of 
Jupiter with the 0.7 m telescope AZT-8 of our observatory. Figure 21 shows an image of 
Jupiter acquired in blue filter; Figures 22 and 23 present polarization degree and angle of 
polarization plane distributions, respectively. One can clearly see the polar effect.  
 On the basis of our earlier observations near oppositions during 1981-1999, 
seasonal variations of north-south asymmetry (PN-PS) of linear polarization P in polar 
regions and some relation between PN-PS and insolation have been found. The parameter 
of asymmetry PN-PS is defined as a difference between values of linear polarization 
degree on north and south at the latitudes ±60° at the central meridian. Addition of new 
observational data (2000-2004) and joint analysis with previous data allowed us to find 
anticorrelation between asymmetry of Jupiter’s polarization and insolation (see Fig. 24). 
Correlation coefficient between PN-PS and IN/IS is -0.7, i.e. there is significant 
anticorrelation. Thus, we can speak about seasonal variations of polarization.  
 We assume that variations of insolation (through temperature changing) are the 
principal cause of the seasonal variations of polarization. Jupiter has a small axial tilt 
(about 3 degrees). However, the orbital eccentricity about 0.05 results in 20% variations of 
Jupiter surface illumination due to the change of the distance r from the Sun. Besides, the 
perihelion and maximum of Jovian latitude of the Sun are almost coinciding in time. These 
factors produce seasonal fluctuations of the incident solar radiation and result in north-
south asymmetry in insolation and temperature. Seasonal variations of stratospheric 
temperature at the polar regions in Jupiter’s atmosphere are ±25°K.  
